Abstract-A multi-layer thick film array sensor for gas sensing application including heater element, insulator layer, and interdigitated electrodes was designed and fabricated on alumina substrate. Tin dioxide and platinum nanopowder were used in the pellet form as the active and catalyst layers, respectively. Pulse laser ablation deposition (PLAD) technique was used to deposit the sensitive layer onto the electrode part of each sensor. Microstructural and morphological properties of the sensor surface were determined. Sensors were exposed to wood smoke and their sensitivity were measured and compared with the results of the sensors without catalyst layer.
An array gas sensor consists of two or more sensors on a nonconductive substrate having individual sensor elements formed by semiconductor oxides. Since a single gas sensor is only sensitive to one chemical contaminant and can not produce all the information for many chemical compositions, an array gas sensor is necessary to detect the several contaminants in a single device, led to development of electronic nose. In fact, an integrated gas sensor array is promising to overcome the poor selectivity and drift encountered by individual gas sensor.
A variety of different technique and material have been employed to fabricate array gas sensors. Heule et al [1] used soft lithography micromolding in capillaries to fabricate twelve miniaturized gas sensors of nanoparticulate tin oxide as an array on a single microhotplate to detect carbon monoxide. Ha et al [2] developed a sensor array device consists of 16 separate sensors; each sensor equipped with an interdigitated electrode and integrated Pt microheater using micromachined wet etching well. A monolithic QCM sensor array for gas detections based-on MEMS was developed by Xiaoxia et al [3] . Reactive r.f. sputtering magnetron system has been used by Penza et al [4] to deposit a sensitive WO 3 thin layer onto alumina substrate as an array gas sensor including 4 individual sensors. Their sensors have been differently surface modified by four metal catalysts as Pd, Au, Bi, Sb in order to integrate bi-layers with different chemical sensitivities, operating at 180°C, and principal component analysis (PCA) has been used in order to classify and identify different classes of target gases. Although the sensors array can provide a specific and unique response pattern for different individual chemical species or mixtures of species, however, a pattern recognition analysis needs to be applied to make an effective approach for enhancement the selectivity and range of practical applications of chemical sensors systems [5] . Micromachining technique has been applied to fabricate 8 individual gas sensors in form of array sensor onto an n-type silicon wafer, reported by Yaowu et al [6] . They deposited a composition of SnO 2 and Ti 2 O 3 as sensitive layer by electron beam evaporation using a metal mask. Their results showed a relatively high sensitivity and moderate selectivity to alcohol type. Low pressure chemical vapour deposition (LPCVD) has been used by Adami et al to deposit all layer of an array gas sensor, while r.f. sputtering has been used for deposition tungsten oxide, as sensitive layer [7] .
Although, the fabrication process of an array gas sensor based-on those techniques, especially micromachining of Si, has very promising because those fabrication procedure can be compatible with the integrated circuit (IC) process, and this also makes it possible to integrate sensors with signal conditioning and drive circuit together, but at the same time, different processes are needed to be applied for deposition of individual layers. The process of chemical wetting involves a multi-stage process demanding long duration [8] [9] . Chemical vapor deposition (CVD) suffers from complex processes, temperatures of 600°C and above needed to grow epitaxial films, and requires starter materials with high vapor pressure which are often hazardous and extremely toxic [10] [11] .
Another method for deposition a thin layer of sensitive layer is pulse laser ablation deposition (PLAD), with many promises for deposition a very thin layer with multi-targets for multilayer or alloy films, which can operated under any ambient gas (pressure range 0-1 Torr), with ease of thickness control, low substrate temperature, and reasonable deposition rate, but the deposition area is small, and difficult to deposit particulates [12] [13] [14] .
In the present work, we are developed an array gas sensor, including 4 individual sensors. Thick film technique was carried out for the fabrication of the heater and electrode parts. For the sensing layer and the catalyst we used pulse laser ablation deposition (PLAD) using an Nd-YAG laser.
II. EXPERIMENTATION
Four meander-form platinum heaters were printed onto an alumina substrate using thick film printing machine followed by thermal treatment process based-on the datasheet of platinum paste. Fine alumina powder was mixed with glass powder and an organic vehicle, described elsewhere [15] , to form a homogenous paste, and was printed on the heater pattern. Then films were dried in UV-belt-furnace and fired at 850°C for 15min. For printing the contact and electrode parts of the array sensor, silver paste was used followed by drying and firing process. The thermal treatment process of the electric parts has been described in the previous reports [16] [17] . Fig. 1 shows the structure of the array sensor. Tin dioxide (SnO 2 ) and platinum (Pt) nanopowders were used for the sensitive and catalyst layer, respectively. First, SnO 2 powder was sintered at 950°C for 4 hours, and formed in a pellet of 10mm diameter and 1mm thickness using hydraulic pressure at 11tones in 15 min, and then it was sintered at 800°C (5°C.min -1 ). Structural properties of the pellet were determined using XRD. A platinum pellet also was made in the same manner. Quanta System, HYL 101E Nd-YAG laser (wavelength=1064nm, power=0.7watts) laser ablation machine was used to deposit the SnO 2 and Pt onto the electrode part, using a mask. Pellets as target were kept a distance of 4cm from substrate; while the distance of laser source to the pellet was set at 44cm. Oxygen was used as ambient gas at 4×10 -2 mbar and the deposition was carried out at room temperature. Deposition time for the SnO 2 pellet was kept at 5 and 10min followed by 2 and 5min deposition time for the Pt pellet as a catalyst over the SnO 2 layer. Fig. 2 illustrates the differences between deposition rates as the sensitive layer of the array sensor. Films then fired at 450°C (2°C.min -1 ) and cold down slowly to room temperature. Fig. 3 shows the XRD spectrum of the SnO 2 pellet with JCPDS files of 001-0625, 001-0657, and 003-0439. In all the patterns, broad diffraction peaks of the tetragonal SnO 2 can be seen at about 2θ = 26.43°, 33.72°, 37.80°, 39.04°, 51.61°, 54.61°, 57.69°, 61.73°, 64.61°, 65.81°, 71.13°, and 78.58° attributed to (110), (101), (200), (210), (211), (220), (002), (202), (310), (112), (301), (321) The average of crystallite size of SnO 2 can be determined from the Scherrer Equation (Scherrer Constant K = 0.94 and λ = 1.542 Å) described elsewhere [16] , where the width of each peak, β (full-width-at-half-maximum, FWHM), corresponds to the position of the peak, 2θ. From Scherrer Equation the average grain sizes calculated for the all 12 peaks of SnO 2 pellet is about 15.04nm. Fig. 4 shows the SEM micrograph of the sensors surface. An unevenest of the deposited film can be seen from this figure (Fig. 4a) is due to the lifting up of mesh screen during printing process. Formation of SnO 2 agglomerates can be seen from the Fig. 4b . Also a porous surface of the sensitive film can be seen from this figure. Fig . 5 shows the EDX analysis of a selected area of 10×10µm from the surface of the sensor. The elemental analysis shows elemental composition of Al, C, O, Pt, Sn, and Sb. The presence of carbon is due to using carbon tape to attach the samples to the SEM platform. The presence of Al and Sb might be due to the elemental effect of the insulating layer. 
III. RESULTS AND DISCUSSION

A. Structural and Surface Morphology Analysis
B. Gas Sensing Performance of Array Sensor
In order to investigate the gas sensitivity of the array sensor, a 6860cc test chamber was chosen and different concentration of wood smoke was injected into the chamber. Humidity and ambient temperature inside the chamber were kept at 55±5% and 25±3°C. The heater of each sensor also was kept at temperature of 200±10°C and nitrogen was used for purging. A base line for each sensor was determined by measuring its resistance (R 0 ) when the array sensor exposed to the nitrogen, then the resistance of each sensor in presence of wood smoke (R S ) was measured. Then, the sensitivity of the sensors is calculated as: S% = (R S / R 0 )×100. Fig. 6 shows the response of each sensor in presence of 200ppm of wood smoke. The response time of each sensor is determined as the interval time between 10 to 90 percent of sensor signal. Differences between sensor response in term of response time and sensitivity can be seen from this figure. The maximum sensitivity was observed is belong to sensor with 10min deposition SnO 2 and 5min Pt catalyst. Sensor with 5min deposition SnO 2 and 2min Pt catalyst has almost same sensitivity of sensor with 10min deposition SnO 2 and 2min Pt catalyst, meanwhile the latter has a longer response time than the former. The shorter response time of the 5minSnO 2 :2minPt can be interoperated due to the thinner of the oxide layer, resulted in a thinner depletion layer causes a faster adsorption on the surface of oxide. Fig . 7 shows the sensitivity of each sensor working at operating temperature of 200±10°C and relative humidity of 55±5% in presence of different concentration of wood smoke ranges from 50ppm to 1000ppm. From this figure, 10minSnO 2 :5minPt sensor shows to be highly sensitive to wood smoke at 200ppm concentration and above. It seems that the pure film, 5minSnO 2 :2minPt and 10minSnO 2 :2minPt sensors are getting saturated at concentration above 500ppm, since their sensitivity deviations are not changed significantly. It might be due to having lower concentration of carrier involved in adsorption compare to the 5min Pt deposited in 10minSnO 2 :5minPt. and relative humidity of 55±5% to different concentration of wood smoke.
IV. CONCLUSION An array gas sensor based-on thick film and laser ablation techniques was developed and the sensitivity of the array to wood smoke was measured. The array promises to be highly sensitive and fast response to 200ppm of wood smoke concentration and above. Measurements and modifications are necessary to eliminate or minimize any cross sensitivities. Deposition of different noble metal, e.g. Au, Ag, and Pd, can promote the sensitivity of the array to different target gases.
